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flux for the chosen magnetic domain, producing an electrical 
output signal corresponding to the magnetic flux for the 
chosen magnetic domain. A second embodiment includes a 
rotatable substrate, a bi-directional drive circuit on a read/ 
write head sensor and a sensor select circuit. In both 
embodiments superconductive materials can be incorporated 
into the magnetic domain material, the bi-directional drive 
circuit, and sensors and sensor select circuitry. All compo 
nents of the nonvolatile analog magnetic memory can be 
formed through photo-lithographic techniques, sputtering, 
and machine, electromechanical, or manual assembly. Cells 
of magnetic domain material can be arranged in both serial 
and parallel form for analog nonvolatile writing and reading. 
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NONVOLATLE MAGNETIC ANALOG 
MEMORY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the field of nonvolatile analog 
magnetic memories. Specifically this invention avoids the 
use of moving mechanical parts or moving magnetic 
domains or bubbles or any form of digital storage. 

2. Description of the Prior Art 
Man's first methods of analog data storage included 

counting on fingers as well as simple written representations 
of numbers counted. The most common current form of 
analog data storage is magnetic tape, where information 
embodied as electromagnetic signals is magnetically written 
onto the tape, and magnetically read when the data is later 
needed. The current process of writing and reading analog 
data on tape is slow in comparison to the current computer, 
microelectronic, semiconductor technology. In addition the 
tape nonvolatile analog format must be electromechanically 
written and read which allows opportunity for unreliability. 
The linear action of tape precludes the possibility of random 
accessibility. Methods of converting analog information into 
digital formatted data for storage of the original analog data 
in digital memories has been developed using analog to 
digital converters. Digital dynamic, digital static, and digital 
nonvolatile memories are used for the actual storage of 
analog data which has been converted to digital format. 
When data is retrieved from it's digital format, it is con 
verted back to it's original analog format by a digital to 
analog converter. Digital random access cell arrays on 
substrates exist to store large amounts of information, but in 
all cases there are only two types of data storable in any one 
cell, an on signal oran off signal. This requires the inefficient 
use of many cells to store a piece of analog data since it is 
impossible to represent a unique piece of analog data as a 
simple on or off signal. There is no way to differentiate 
differing pieces of analog data. Bubble memories and all 
dynamic, static, and nonvolatile random access memories 
currently in art are all digital in nature with limited storage 
per cell of an on state or an off state only. 

In addition to the foregoing memory systems the "Sheet 
Random Access Memory”, U.S. Pat. No. 4,791,604 dis 
closes a nonvolatile memory system comprising a substrate 
including a plurality of ferromagnetic domains and a corre 
sponding plurality of distinguishable locations, and a fixed 
drive device to selectively generate an electromagnetic field 
within the substrate of a selected one of the distinguishable 
locations in order to alter the ferromagnetic domain into one 
of at least two distinct magnetic configurations correspond 
ing to a 0 and a 1. This is clearly a digital device despite the 
use of magnetic domains and the possible use of a Hall effect 
device as part of the fixed sensing portion of this device. 

In another example shown by Shu-Yau ETAL, "Ferro 
electric Memory Device' U.S. Pat. No. 3,832,700, the 
abstract reads; A ferromagnetic memory device utilizing the 
remanent polarization of a thin ferroelectric film to control 
the surface conductivity of a bulk semiconductor and per 
form the memory function. The structure of the device is 
similar to a conventional MIS field effect transistor with the 
exception that the gate insulating layer is replaced by a thin 
film of active ferroelectric material comprising a reversibly 
polarizable dielectric exhibiting Hysteresis. This too is 
clearly a digital memory. 
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2 
In another example shown by Prinz, "Thin Film Magnetic 

Memory Elements' U.S. Pat. No. 5,025,416, the summary 
of the invention states; The memory element also includes a 
means for magnetizing the closure domain in one of a first 
and second directions, whereby said closure domain can be 
magnetized in the first direction, indicating a “1” bit or the 
second direction, opposite the first direction, indicating a “0” 
bit. Another clearly digital memory. 

In another example Heywang states in "Field Effect 
Transistor with a Ferroelectric Control Gate Layer' U.S. Pat. 
No. 3,426,255. The semiconductor device illustrated in FIG. 
1 can therefore be switched from high conductivity of 
forward conductance to low conductivity or the blocked 
state and vice versa, each time by applying an electrostatic 
field whose direction is reversed relative to one previously 
effective and whose strength suffices to overcome the rema 
nent polarization. Again a digital device. 

In a final example Arndt in "Nondestructive Memory 
With Hall Effect Readout" U.S. Pat. No. 3,521,255 states; by 
a "permanently magnetizable material' I mean a material 
which may by the impression of magnetizing flux thereon, 
acquire a polarity of magnetization which it will retain until 
magnetizing flux of more than a predetermined amount, of 
the opposite to the original polarity is applied, at which time 
the polarity of magnetization may be switched, and where 
the switching may be repeated in the same manner... "thus 
the state of the field may indicate one or the other of the 
binary states and may be read out in the manner set out 
above. Another clearly digital device. 
What is needed is a simple analog nonvolatile magnetic 

memory which is truly transportable which does not require 
the use of electromechanical parts for writing and reading, 
which is very easily compatible with existing electronic 
circuit technology and computer systems. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is a Nonvolatile Magnetic Analog 
Memory comprising an analog memory cell in which a 
ferromagnetic core domain and a single coil or many coils 
adjacent to the direct current ferromagnetic core are depos 
ited on a substrate with a write/drive means and a read/ 
sensing means. A single memory cell or many memory cells 
can be incorporated into this device. Analog data is perma 
nently stored through the use of saturation and desaturation 
of magnetic fields of individual ferromagnetic domains and 
reading back previously written analog data through the use 
of Hall Effect devices. A fixed drive device imbedded in the 
substrate selectively chooses one of the distinguishable 
ferromagnetic domains of the substrate and saturates the 
respective magnetic field by driving current throuigh 
directly adjacent coil or coils. The drive device then reverses 
the current flow through the coil or coils desaturating the 
direct current ferromagnetic core domain to a point which 
we call the "0" point which is the first point in a linear 
portion, of the graphed curve of all possible saturation levels 
of the ferromagnetic domain, said linear portion of the 
graphed curve representing the saturation levels where data 
can safely be indefinetly stored as nonvolatile analog data. 
An additional increase in the current level decreases the 
saturation level below the "0" point to a level which is the 
data storage point. Since any of the individual ferromagnetic 
domains can be saturated and then desaturated, each domain 
in each cell can hold any saturation level from the "O' point 
to the last of the acceptable repeatable saturation levels 
which we call level "Z". The amount of saturable points is 
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only limited by the stability of the magnetic characteristics 
of the ferromagnetic core domain. It is therefore important 
that each ferromagnetic core domain is as much a duplicate 
as possible magnetically. As an example it would be easy to 
assign every ASCII character a specific saturation level. Any 
one character could then be stored in a single NVMAM cell. 
Any analog value could be stored by it's related saturation 
level in any one NVMAM cell. 
The memory further comprises a fixed sensing device 

embedded in the substrate for selectively reading the inde 
finetly stored analog data described above. This is accom 
plished by means of a Hall Effect Device which measures 
the electromagnetic field strength saturation level of the 
ferromagnetic domain of the cell it is in. Each cell has it's 
own Hall effect device. In this way a true Nonvolatile 
Magnostrictive Analog Memory is provided. 

In one embodiment the device is a single cell holding 
data. In a second embodiment the device is a plurality of 
distinguishable cells with a drive and write means to selec 
tively choose a specific location of the plurality of distin 
guishable cells for writing, and a sensing and reading means 
to choose a specific location of the plurality of distinguish 
able cells for reading stored analog data. In a third embodi 
ment digital data is converted to analog data and written and 
read as indicated above. Analog data can be converted back 
to digital data as is needed. In another embodiment the 
substrate can be laminated or deposited directly on a rotating 
disk and the writing/drive and reading/sensing means can be 
attached to a floating electromechanical head which physi 
cally moves the write and read means to the specific distin 
guishable ferromagnetic domain locations being written or 
read from. 
The above and other objects, features, advantages, and 

embodiments of the present invention can best be under 
stood by first reviewing the following drawings and the 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 and its companion FIG. 1A are diagrammatic 
perspective views of the invention. 

FIG. 2 is a diagrammatic sectional view of the invention 
which illustrates the physical principle of saturating the 
magnetic field of the invention in preparation of writing 
information into the memory. 

FIG. 3 is a diagrammatic sectional view of the invention 
which illustrates the physical principle of demagnetizing the 
magnetic field of the invention to write information into the 
memory. 

FIG. 4 is a diagrammatic sectional view of the invention 
which illustrates the physical principle of saturating the 
magnetic field to erase information from the memory. 

FIG. 5 is a diagrammatic sectional view of the invention 
which illustrates the physical principle of reading informa 
tion from the memory using a Hall Effect Semiconductor 
Device. 

FIG. 6 is a graph showing the B-H Hysteresis curve of the 
invention's direct current magnetic core field strength at 
maximum saturation. 

FIG. 7 is a graph showing the B-H Hysteresis curve of 
FIG. 6 and the linear portion, of the decreasing field strength 
portion, of said curve. 

FIG. 8 is a graph showing the B-H Hysteresis curve of the 
invention's direct current magnetic core's field strength after 
demagnetization indicating relative levels of field strength 
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4 
on the linear part of the curve which are acceptable for use 
as stable stored information. 

FIG. 9A is a schematic view of the saturation of the direct 
current magnetic ferrite core at the beginning of the write 
cycle. 

FIG. 9B is a schematic view of the desaturation of the 
direct current magnetic ferrite core, writing data onto said 
COC. 

FIG. 10 is a schematic view of the read cycle of a plurality 
of cells of the type shown in FIGS. 5. 

FIG. 11 is a timing diagram of the circuit described in 
connection with FIGS. 2 and 3 and 4 and 9. 

FIG. 12 is a timing diagram of the circuit described in 
connection with FIGS. 5 and 10. 

FIG. 13 is a schematic view of a switching network to 
control opposite current flow directions incorporating the 
embodiment of FIG. 9A and 9B. 

FIG. 14A is a schematic view of the write cycle of a 
random access memory incorporating the embodiment of 
FIGS. 1 through 13. 

FIG. 14B is a schematic view of the read cycle of a 
random access memory incorporating the embodiments of 
FIGS. 1 through 13. 

FIG. 15A is a diagrammatic top view of a second embodi 
ment of the invention incorporating the invention into cur 
rent magnetic media hard or floppy disk drive data storage 
technology. 

FIG. 15B is a diagrammatic side view of FIG. 15A. 
FIG. 15C is a diagrammatic side view of FIG. 15A 

showing magnetic saturation of a specific cell by a magnetic 
flying head, in preparation of writing data, which simulta 
neously to saturating a cell, erases any data stored in said cell 
incidently. 

FIG. 15D is a diagrammatic side view of FIG. 15A 
showing the desaturation of the magnetic field of a specific 
cell by reversing the current flow direction from that causing 
saturation in FIG. 15C, specifically to write data into said 
specific cell. 

FIG. 15E is a diagrammatic side view of FIG. 15A 
showing the reading of stored analog data as a magnetic field 
of specific cell by a hall effect transistor or other magnetic 
sensing device on a flying head. 

FIG. 16 is a diagrammatic view of a third embodiment of 
the invention incorporating superconductive ferromagnetic 
material. 

DETALED DESCRIPTION OF THE 
NVENTION 

This invention is known as a Nonvolatile Magnostrictive 
Analog Memory or NVMAM. The NVMAM is a true 
analog memory which in a first embodiment can be char 
acterized as a single ferromagnetic core domain on a sub 
strate incorporating a write/drive and a read/sensing means 
which together is a single memory cell. In a second embodi 
ment it can be characterized as an organized group of 
memory cells similar in the cell's location and organization 
to an analog embodiment of a single or multi-cell digital 
dynamic random access memory. In another embodiment 
the present invention can be characterized as an analog 
version of digital hard drive and floppy drive memory 
storage devices. In another embodiment the device can 
convert digital data to analog format and save it in the analog 
NVMAM. Later it can read the previously stored analog data 
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from the NVMAM and convert it back to digital data. 
Conventional photolithographic and integrated circuit 
manufacturing techniques as well as, and in combination 
with standard hard drive and floppy drive manufacturing 
techniques can be used to fabricate this invention in it's 
many embodiments. 
The NVMAM in it's simplest description is a domain of 

ferromagnetic core material deposited on a substrate which 
also incorporates a specifically placed Hall Effect Device. A 
magnetized ferromagnetic domain functions like a ferro 
magnetic core and if magnetized will retain it's magnetized 
value until it is purposefully destroyed. The magnetic field 
saturation level of the ferromagnetic core domain is used in 
this invention as the means of nonvolatile analog storage. 
The ferromagnetic domain is first magnetized to it's com 
plete saturation level and subsequently desaturated to a level 
which is called the zero point as it is the first of many 
saturation levels of all possible saturation levels of the 
ferromagnetic domain which occur in a stable repeatable 
linear fashion which is representable on a graph of all 
saturation levels as the linear portion of the graph. The linear 
portion of the graphed curve is a range of storable saturation 
levels which are the specific result of specific analog elec 
tronic signals driven into the device. The last acceptable 
saturation level for data storage is called the 'Z' point. 

FIG. 1 is a diagrammatic perspective view of the inven 
tion. 18 is a direct current ferromagnetic domain also to be 
called henceforth a ferromagnetic core, which is magnetiz 
able and demagnetizable, 20 is the input lead of a coil 20A 
passing through and adjacent to the ferromagnetic core 18, 
19 is the output lead of coil 20A. 21 is the input lead of the 
Hall Effect Device. 22 is the output lead of the Hall Effect 
device. 23 is a Hall Effect Device. 

In FIG. 1A we see 20A a coil which is surrounded by 
ferromagnetic core 18. The distance between ferromagnetic 
core 18 and coil 20A is designed to allow magnetization and 
demagnetization of ferromagnetic core 18 by driving current 
through adjacent coil 20A. Many different shapes and sizes 
of ferromagnetic core 18 and coil 20A could be used in the 
invention. 

In FIG. 2 power is driven into input lead 20 in direction 
25 for the purpose of creating a magnetic field 24 of full 
saturation. 

In FIG. 3 the direction of the current 27A flowing past 
ferromagnetic core 18 is reversed causing a reduction of the 
saturation level of the magnetic field 26 to a level directly 
related to the current flow and representing the first starting 
point of storable saturation levels which is known as the "0" 
point. An additional desaturation current 27B driven into the 
device cumulatively with the "0" point current flow 27A 
reduces the saturation level of the magnetic field to perma 
nent nonvolatile analog data storage field strength level 
directly representing the "0" point desaturation current plus 
the data desaturation current. Data has been written into the 
invention. 

FIG. 4 again represents the invention wherein the ferro 
magnetic core 18’s magnetic field 24 is fully saturated. The 
purpose now is to erase the previously stored data of FIG. 3. 
Any stored data or "0" point can be permanently destroyed 
by fully saturating magnetic field 24 of the device. 

Turning now to FIG. 5 we see an illustration of the 
physical principle of reading data stored in the device. 
Magnetic field 29 can be any value which represents stored 
data or the "O' point or the “Z” point. Hall Effect device 23 
is in place adjacent to direct current ferromagnetic core 18. 
Magnetic field 29 representing permanently stored analog 
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6 
data overlaps the purposefully placed Hall Effect device 23. 
Hall Effect device 23 is effected by magnetic field 29 
causing an output of current flow 28 in output lead 22 of the 
Hall Effect device 23. Output current flow 28 is directly 
related to magnetic field strength 29. The maximum satu 
ration level of field strength 29 would be read by Hall Effect 
device 23 as "no data stored'. A field strength 29 of "0" point 
level would be read as a "last point of no data stored'. Any 
decreased field strength 29 would be read by the Hall Effect 
device 23 as stored data, down to the minimum saturation 
level in which data can be effectively and permanently 
stored which is called the "Z" point. 

Turning now to FIG. 6 we see the B-H Hysteresis curve, 
a representation of the total possible field strength levels of 
direct current ferromagnetic core 18 of FIG. 1.31 is the 
point of maximum magnetic field saturation of direct current 
ferromagnetic core 18. 30A is a point on the Hysteresis 
curve where the eminent field strength results from the 
decrease to zero of the saturating current flowing through 
coil 20A adjacent to direct current ferromagnetic core 18.30 
is the point on the Hysteresis curve that represents the '0' 
field strength caused by reversing the directional current 
flow used to establish the maximum field strength level 31. 
33 represent’s the Y axis, the direct current ferromagnetic 
core 18's field strength levels. 34 represents the X axis, 
current level and direction of flow, applied into a coil 20A 
which is adjacent to a direct current ferromagnetic core 18. 

In FIG. 7 we see 35 the linear portion of the part of the 
B-H Hysteresis which is decreasing in field strength between 
30A and 30 due to reverse current flow applied as described 
previously with regard to FIG. 3. The reverse current flow 
desaturates the direct current ferrite magnetic core domain. 

Turning to FIG. 8 we see an enlarged view of 35. 36 
represents the most linear sequential grouping of 37 all 
possible decreasing field strengths of 18 direct current 
ferromagnetic core domain. 37A is the "0" point, the first 
acceptable field strength level for data storage in this linear 
sequential grouping 36 of 37 all possible decreasing field 
strengths. 37A is never used for data storage, but solely as 
a marker that data storage can begin at the next lower field 
strength level. 37B is the “Z” point, last acceptable field 
strength level usable for data storage of 36 the linear portion 
of 32 all possible decreasing field strengths. 37 in toto 
represents a plurality of all possible decreasing field 
strengths usable for data storage of 36 the linear portion of 
37. The quantity of possible field strength levels represented 
by 37 is unlimited. It could have some practical limitation 
due to sensitivity of Hall Effect devices, or current flow 
controls, but theoretically the volume of data storage levels 
remains unlimited. 

Turning to FIG. 9A we see a schematic view of the 
saturation of direct currentferromagnetic core 18. Xo driver 
select circuit 38 chooses coil 20A and direct current ferro 
magnetic core 18 (c1) with Yo select 40. Saturation pulse 25 
is driven through coil 20A saturating the core and creating 
magnetic field 24 of FIG. 2 and FIG. 4. 
FIG.9B is a schematic view of the desaturation of direct 

current ferromagnetic core 18 (c1). Xo driver select 38 and 
Yo select circuit 40 choose to reverse current flow to 
direction 27 which is opposite the current flow direction 
used to saturate in FIG. 9A direction 25. Digital to analog 
converter 39A can convert digital data to analog format. 
Current from 39A or analog input 39B is added to the 
desaturating current 27 causing it to be desaturating data 
current flowing through coil 20A, which permanently stores 
the analog data as the magnetic field strength of desaturated 
direct current ferromagnetic core 18(c1). 
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FIG. 10 is a schematic view of the read cycle of a cell 
diagrammatically shown in FIG. 5. Xo select 38 and Yo 
select 40 choose Hall Effect transistor 23 which senses the 
magnetic field of direct currentferromagnetic core 18(c1) as 
shown in FIG. 5. Current output flow 28 is created by Hall 
Effect transistor 23 and flows to Analog to digital converter 
41A for conversion to a digital signal or flows directly as 
analog data to additional analog circuitry 41B. 

In FIG. 11 we see a timing diagram associated with the 
write circuit described in FIGS. 2, 3, 4, 9A/B. At time TO; 
Xo Sel, Yo Sel, write Sel, turn on along with write saturate 
pulse. At time T1; write saturate pulse turns off as data sel, 
data, and "0" point pulse turn on then desaturating the device 
until data is stored at it's related magnetic field strength. At 
time T2Xo sel, Yo sel, write sel, data sel, data, and '0' point 
pulse turn off as the write cycle is completed. 

In FIG. 12 we see a timing diagram associated with the 
read circuits described in FIGS. 5 and 10. At Time TO the 
Xo sel, Yo sel, Read sel, and Read Data turn on. The Hall 
Effect device 23 of FIGS. 5 and 9A/B turns on and reads the 
magnetic field strength 29 of direct currentferrite core 18 of 
FIG. 5. The data is transmitted out of the Hall Effect device 
down the circuit and at time T2 the Xo, Yo, Read sel, and 
Read Data, all turn off. 

FIG. 13 is a schematic view of a switching network to 
control opposite current flow directions incorporating the 
embodiment of FIGS. 9A and 9B, Xosel 38 and Yo sell 40 
choose if the direct current ferromagnetic core 18 will be 
Saturated to erase data and prepare for future data storage, or 
if direct current ferromagnetic core 18 will be desaturated 
actually saving data by creating a reduced strength magnetic 
field 29 of FIG. 5. Switch 42 and 43 are always in opposite 
states which is controlled by Switch Control Circuit SWCN. 
Depending on which switch 42 or 43 first receives current 
from Xsel 38, the SWCN senses which switch is being 
activated and automatically flips the other switch into oppo 
sition. If in the next cycle the Xsel 38 chooses for current 
to flow to the other switch, the SWCN circuit again senses 
and flips the switch not receiving current into opposition of 
the switch receiving current. During the saturation/prepara 
tion stage of direct current ferromagnetic core 18, current 
runs through switch 42A then through direct current ferro 
magnetic core 18 then through switch 43A to Yo sel. During 
the desaturation/data storage stage Xo sel sends current 
through Xo data picking up the data pulse and then runs 
through switch 43B into and through direct current ferro 
magnetic core 18 into switch 42B and out Yo sel. Note that 
the current is running in an opposite direction through direct 
current ferromagnetic core 18 when storing data as opposed 
to preparing the direct current ferromagnetic core 18 for 
future data storage. 

FIG. 14A is a schematic view of the write cycle of a 
nonvolatile magnostrictive analog random access memory 
constructed of multiple memory cells, each incorporating 
the embodiments of FIGS. 1 through 13. Multiple memory 
cells are connected to form the random accessibility of this 
memory. Xsel 38 and Ysel 40 choose the specific cell 18 of 
the plurality of all possible cells to be specifically written to. 
Saturation and desaturation for any specific cell chosen of 
the plurality of all possible cells functions exactly as 
described above in FIGS. 9A, 9B, and 13. The quantity of 
cells in a random access memory is limited strictly by the 
size of the substrate material the cells are built upon. 

FIG. 14B is a schematic view of the read cycle of 
nonvolatile magnostrictive analog random access memory 
constructed of multiple memory cells each incorporating the 
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embodiments of FIGS. of FIGS. 1 through 13. Multiple 
memory cells are connected to form the random accessibility 
of this memory. Xsel38 and Ysel40 choose the specific cell 
18 of the plurality of all possible cells for reading. Hall 
Effect Device 23 of the chosen cell is activated and senses 
the data which is stored as the field strength of the magnetic 
field of the chosen cell 18. The data is converted from 
magnetic field strength to an analog signal by the Hall Effect 
Device 23 and flows through the circuitry to the analog to 
digital converter 41A or other analog circuitry 41B which 
uses the data as needed. 

FIG. 15A is a diagrammatic top view of a second embodi 
ment of the invention incorporating the invention into cur 
rent magnetic media floppy and hard disk drive data storage 
technology allowing the storage of analog data in an analog 
format. Currently hard and floppy disk drives only store data 
in a digital format. FIG. 15A is a top view of a floppy or hard 
disk drive magnetic media. Current technology assigns 
location addresses to domains on the magnetic media. The 
magnetic field is then placed into one of two states repre 
senting either an on or an off bit of data. Currently no other 
possibility exists for each domain or cell. In FIG. 15A Cells 
45 are discrete magnetic domains at specific location 
addresses on magnetic media 44. Each cell is polarized in 
the same direction strictly for the purpose of identifying the 
domain 45 as a discrete cell. 

FIG. 15B shows a diagrammatic side view of the second 
embodiment of the invention. Magnetic media 44 in opera 
tion would rotate like floppy and hard disk drive technology. 
Coil 20A and direct current ferromagnetic core 18 and Hall 
Effect Device 53 floating on arm 46B, moves in the direc 
tions indicated by 46C allowing direct currentferromagnetic 
core 18 and Hall effect device 53 to have access to each and 
every cell 45 in order to be in position to saturate, desaturate, 
or sense each cell 45. 

FIG. 15C diagrammatically shows the magnetic satura 
tion of a specific cell 45 of the plurality of all possible cells 
45. Coil 20A and direct current ferromagnetic core 18 on 
floating arm 46B moves to the correct cell location to be 
saturated. Direct current moving in direction 49A flows 
through coil 20A and direct current ferromagnetic core 18 
creating a magnetic field 48 emanating from direct current 
ferromagnetic core 18. Direct currentferromagnetic core 18 
is in such proximity to cell 45 that the magnetic field 48 
created by core 18 encompasses cell 45 and creates a 
magnetic field 52(of FIG. 15E) in the magnetic material of 
cell 45. The saturation level current, in direction 49A creates 
a saturating field 48 which transfers to cell 45 a saturation 
field. Circuitry 56 is the drive and control circuitry for 
saturating the direct current ferromagnetic core 18 and cell 
45. 

FIG. 15D is a diagrammatic side view of FIG. 15A 
showing the desaturation of a specific cell 45 of the plurality 
of all possible cells 45. To desaturate a cell 45 the current 
flow 49A of FIG. 15C is reversed in FIG. 15D to direction 
49B. Control circuitry 56 transmits enough current into coil 
20A and core 18 to reduce the field strength of the magnetic 
field 48 (of FIG.15C) to a “0” point level and then additional 
data current is transmitted by control circuitry 56 reducing 
the magnetic field of direct currentferromagnetic core 18 to 
a "data' magnetic field strength 50, to store data. This 
reduction of the magnetic field 50 of direct current ferro 
magnetic core 18 to a data storage level, directly affects cell 
45 in proximity to direct currentferromagnetic core 18, and 
the field strength of cell 45 is also reduced to a field strength 
directly related to the field strength of direct current ferro 
magnetic core 18. Analog data has permanently been stored 
in cell 45. 
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FIG. 15E shows the reading of analog data of a specific 
cell 45 of the plurality of all possible cells 45. Hall Effect 
Device 53, attached to floating arm 46B moves to a specific 
cell location as directed by read control circuitry 55 and 
senses magnetic field 52 of cell 45 and transmits the signal 
the Hall Effect Device 53 senses, in direction 54 to the 
control circuitry. The data has been read since each analog 
signal which is converted to a magnetic field strength can 
then be converted back from a magnetic field strength to an 
analog electronic signal. 

FIG. 16 is a diagrammatic view of a third embodiment of 
the invention incorporating superconductive ferroceramic 
magnetic and non magnetic materials into the invention as 
embodied in FIGS. 1 through 14B. All write and read 
support circuitry can be superconductive. The only require 
ment is that the core 57 must be able to create and hold a 
magnetic field adjustable to the requirements outlined in 
FIGS. 1 through 14B and must be readable by a Hall Effect 
Device. Superconductivity in this invention will increase the 
speed of the device, reduce the power needed to operate it 
considering less resistance, and should be buildable via a 
combination of standard Integrated circuit manufacturing 
process also incorporating superconductive processes where 
applicable. 
As further examples of information or types of signals 

that can be stored in the magnetic core domains, virtually 
any type of numerical, alpha-numeric, algorithmic, or other 
values and signals corresponding to any possible range of 
magnetic field strengths capable of being impressed upon 
the magnetic core domains can be utilized by the present 
invention. Such information or signal values can be easily 
brought into and sent from the ferromagnetic domains of the 
present invention with suitable input circuits and drive 
circuits, and the precision of such signals only depends upon 
the precision and repeatability of the sensing circuit of the 
magnetic domains. 
The invention for the purpose of clarity and example was 

set forth above in illustrated embodiments and written 
description. It must be expressly understood that many 
modifications may be made by those having ordinary art and 
skill in this field of technology without departing from the 
spirit and scope of the invention. The illustrated and 
described embodiments must not be taken as a limitation of 
the invention which is defined by the following claims. 
We claim: 
1. A non-volatile analog magnetic random access memory 

having an input circuit to accept analog input electrical 
signals and an output circuit that communicates analog 
output electrical signals, said magnetic memory comprising: 

(a) a substrate including a plurality of separate magneti 
cally saturable and desaturable magnetic domains at a 
corresponding plurality of distinguishable fixed loca 
tions, 

(b) a bi-directional drive circuit configured to selectively 
Saturate at least one of said magnetic domains using a 
first memory select circuit capable of randomly access 
ing said at least one magnetic domain, said drive circuit 
causing current to flow in a first direction at a magni 
tude Sufficient to cause said saturation; 

(c) said bi-directional drive circuit being further config 
ured to selectively partially desaturate said at least one 
magnetic domain using said first memory select circuit, 
said drive circuit causing current to flow in a second 
direction having a direction opposite that of said first 
direction at a magnitude sufficient to lower the mag 
netic flux density of a selected of said at least one 
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magnetic domain to an initial condition within a range 
of magnetic flux density levels between a zero-scale 
point and a full-scale point; 

(d) said bi-directional drive circuit being further config 
ured to selectively further desaturate said at least one 
magnetic domain using said first memory select circuit, 
said drive circuit causing current to flow in said second 
direction at a magnitude sufficient to lower the mag 
netic flux of a selected of said at least one magnetic 
domain to a level within said range, said level corre 
sponding to the magnitude of an analog input electrical 
signal received from said input circuit; and 

(e) a plurality of sensors that each respond to the magni 
tude of magnetic flux, each said sensor being spaced 
apart from one of said plurality of magnetic domains, 
each said sensor being randomly accessible by a second 
memory select circuit, the selected said sensor produc 
ing an output electrical signal having a magnitude that 
corresponds to the level of magnetic flux of its respec 
tive magnetic domain. 

2. The memory as recited in claim 1, wherein at least one 
of said sensors includes an analog-to-digital converter that 
outputs as said output electrical signal a digital signal having 
a binary numerical value. 

3. The memory as recited in claim 1, wherein said input 
circuit includes a digital-to-analog converter that outputs an 
analog signal for storage in a selected magnetic domain of 
said plurality of magnetic domains. 

4. A non-volatile analog magnetic Storage media having 
an input circuit to accept analog input electrical signals and 
an output circuit that communicates analog output electrical 
signals, said magnetic storage media comprising: 

(a) a rotatable substrate including a plurality of separate 
magnetically saturable and desaturable magnetic 
domains at a corresponding plurality of distinguishable 
fixed locations; 

(b) a read/write head spaced apart from said rotatable 
substrate and configured to selectively saturate at least 
one of said magnetic domains using a memory select 
circuit capable of positioning said head to access said 
at least one magnetic domain, and a bi-directional drive 
circuit configured to cause current to flow in a first 
direction through said head at a magnitude sufficient to 
cause said saturation, 

(c) said bi-directional drive circuit being further config 
ured to selectively partially desaturate said at least one 
magnetic domain using said head and said memory 
select circuit, said drive circuit causing current to flow 
in a second direction having a direction opposite that of 
said first direction through said head at a magnitude 
sufficient to lower the magnetic flux density of a 
selected of said at least one magnetic domain to an 
initial condition within a range of magnetic flux density 
levels between a zero-scale point and a full-scale point; 

(d) said bi-directional drive circuit being further config 
ured to selectively further desaturate said at least one 
magnetic domain using said head and said memory 
select circuit, said drive circuit causing current to flow 
in said second direction through said head at a magni 
tude sufficient to lower the magnetic flux of a selected 
of said at least one magnetic domain to a level within 
said range, said level corresponding to the magnitude 
of an analog input electrical signal received from said 
input circuit; and 

(e) a sensor mounted upon said head that responds to the 
magnitude of magnetic flux of one of said plurality of 
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magnetic domains, said sensor producing an output 
electrical signal having a magnitude that corresponds to 
the level of magnetic flux of said respective magnetic 
domain. 

5. The memory of claim 1 wherein said substrate com 
prises a plurality of separate magnetically saturable and 
desaturable magnetic domains at a corresponding plurality 
of distinguishable fixed locations wherein each said mag 
netic domain is polarized in the same direction solely for the 
purpose of identification of said magnetic domain as a cell 
available for saturation and desaturation. 

6. The memory of claim 5 wherein said bi-directional 
drive circuit comprises a means of impressing a polarity on 
said discrete specific cell of a plurality of cells prior to the 
saturation and desaturation of said cells. 

7. The memory of claim3 wherein said rotatable substrate 
comprises a substrate rotating in such a fashion that said 
magnetic domains of said substrate move on absolutely 
predictable paths wherein said head may polarize each cell 
as well as may saturate and desaturate each cell when said 
rotating substrate causes individual cell locations to pass 
over said head at a time when a control circuit so directs said 
head. 

8. The memory of claim 3 wherein said substrate rotates 
in such a fashion that said magnetic domains of said sub 
strate move on absolutely predictable paths, and wherein 
said head may identify said magnetic domain locations by 
means of selectively sensing a polarized location and may 
selectively sense the level of magnetic saturation of an 
arbitrarily selected one of said magnetic domains of said 
distinguishable locations. 
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9. The memory of claim 1, further comprising: 
a control circuit created with means for receiving and 

storing and transmitting predetermined numerical, 
alphanumeric, algorithmic, and other values and sig 
nals corresponding to any possible plurality of said 
magnetic field strengths to and from outside said 
memory by way of conductive circuits and to said 
bi-directional drive circuit and said plurality of sensors. 

10. The memory of claim 1 wherein said input circuit, 
output circuit, bi-directional drive circuits, sensors, and 
magnetic domains are all made of superconductive materi 
als. 

11. The memory as recited in claim 4, wherein said sensor 
includes an analog-to-digital converter that outputs as said 
output electrical signal a digital signal having a binary 
numerical value. 

12. The memory as recited in claim 4, wherein said input 
circuit includes a digital-to-analog converter that outputs an 
analog signal for storage in a selected magnetic domain of 
said plurality of magnetic domains. 

13. The memory of claim 4, further comprising a control 
circuit created with means for receiving and storing and 
transmitting predetermined numerical, alphanumeric, algo 
rithmic, and other values and signals corresponding to any 
possible plurality of said magnetic field strengths to and 
from outside said memory by way of conductive circuits and 
to said bi-directional drive circuit and said sensor. 
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